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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PURPOSE: To improve the response characteristics for a high 
frequency modulation current in addition to the DC 
characteristics of threshold current and temperature 
characteristics by increasing the ratio of gain increase for the 
change in unit carrier density. 

CONSTITUTION: The title device consists of P-type InP clad 
layer 1 1 , a multiple quantum well structure 1 2 consisting of a 
well layer and a barrier layer, N-type InP clad layer 13, a well 
layer 14 consisting of In(x)Ga(1 -x)As(x=0.7) crystalline 
composition in that 1% compression distortion where P-type 
impurity is added is introduced, InGaAsP (Xg=1.2u.m) where no 
impurities are added intentionally, an electrical conduction band 
energy 16, valence band energy 17, and an acceptor 18 by 
adding an P-type impurity. Since the P-type impurity is doped 
on the well layer 1 4 and further distortion is introduced, optical 
gain at the well layer can be increased without being subjected 
to the generation of the unneeded emission recombination 
current at the barrier layer and an optical loss due to the 
absorption mechanism between valence bands at the barrier 
layer. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor laser device introducing a compressive strain into said well layer, not giving 
impurity addition to said barrier layer in a semiconductor laser element with multiple quantum well 
structure which has a well layer and a barrier layer, but adding an impurity of P type only to said well 
layer. 

[Claim 2]In a semiconductor laser device with multiple quantum well structure which has a well layer and 
a barrier layer, A semiconductor laser device setting up so that bandgap energy of said barrier layer may 
become small gradually towards the cladding layer side which has a conductivity type of N type from the 
cladding layer side which has a conductivity type of P type. 

[Claim 3]The semiconductor laser device according to claim 2 characterized by setting up thickness of a 
well layer which forms said quantum well structure, or a crystal presentation so that energy difference 
between the first quantum level of an electron in each quantum well structure and the first quantum 
level of an electron hole may become equal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is a range whose oscillation wavelength is 1-1.6 micrometers, and 
relates to the semiconductor laser device which has the multiple quantum well structure of the kind 
used for the light source for optical communications etc. which make an optical fiber a transmission line. 
[0002] 

[Description of the Prior Art]Conventionally, in the semiconductor laser device of the above-mentioned 
kind, the trial of the characteristic improvement by addition of the P type impurity to the barrier layer of 
the multiple quantum well structure called abnormal-conditions doping and the trial of the characteristic 
improvement by the distorted introduction to the well layer of multiple quantum well structure are 
performed. 

[0003]In abnormal-conditions doping, it is expected by adding beforehand the electron hole where mass 
is heavy to a barrier layer that an electron hole will be poured into a well layer from a barrier layer, and 
will enlarge an effectual profit to change of unit carrier density in the case of the radiative recombination 
of the electron in a well layer and an electron hole. 

[0004]when the band structure (especially valence band) of a semiconductor layer changes and the mass 
of the electron hole of the first quantum level in a gamma point becomes small by distortion as an effect 
by the distorted introduction to a well layer, enlarging the rate of the increase in a profit over change of 
unit carrier density is expected. 
[0005] 

[Problem(s) to be Solved by the Invention]However, a semiconductor laser device which has the multiple 
quantum well structure whose oscillation wavelength is 1-1.6 micrometers, In the semiconductor laser 
device produced with the semiconducting crystal of four element systems which use as the main 
ingredients indium gallium arsenide-phosphorus which carried out crystal growth especially on the indium 
phosphide board, The characteristic improvement to the extent that it was expected is not made (for 
example, Vol.4, IEEE Photonics Technology Letters, No.12-1992 besides Y.Zou). 
[0006]We in abnormal-conditions doping, about this cause, (1) The radiative recombination of the high 
energy which does not contribute to the laser oscillation of an electron and an electron hole in a barrier 
layer happens, and produce an unnecessary current component, (2) It found out the absorber style 
between valence bands by the P type impurity added by the barrier layer arising, and the optical loss by 
a barrier layer increasing, and negating the increase in the optical gain in a well layer as a result. 
[0007l Drawing 3 is used for below and this conventional technical problem is explained to it. Drawing 3 
shows the energy of the conducting zone of the quantum well portion of the semiconductor laser device 
of the conventional example which has an oscillation wavelength in 1.5 micrometers, a valence band, and 
a split-off valence band. The well layer which consists of an In(x)Ga(1-x) As (x= 0.53) crystal 
presentation in which 31 carried out lattice matching to the InP semiconductor substrate in drawing 3 , 
The InGaAsP (lambdag = 1 .2 micrometers) barrier layer in which 32 added the P type impurity, An 
electron and 34 for 33 an electron hole and 35 an acceptor and 36 Conducting-zone energy, 37 — the 
radiative recombination in a well layer and 40 show the radiative recombination in a barrier layer, 41 
shows the valence-bands absorption transition by a well layer, and, as for split-off valence-band energy 
and 39, valence-band energy and 38 show the valence-bands absorption transition by a barrier layer 42. 
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[0008]It is known for the material of an InP system that the rate of the band discontinuity of the 
conducting zone between dissimilar materials and a valence band will be about 40% and 60%, respectively, 
and the depth (energy) of the well of a conducting zone is smaller than the depth (energy) of the well of 
a valence band. For this reason, in the carrier density of the grade which starts laser oscillation, the 
electron of a conducting zone overflows from a well layer, and exist also in a barrier layer. [ many ] For 
this reason, the radiative recombination 40 happens in a barrier layer. However, the current in which 
wavelength differs and which flows through a PN junction by this recombination is one of the causes 
which raises the oscillation current threshold of a semiconductor laser device by a wattless component 
in the original radiative recombination 39 which this radiative recombination contributes to laser 
oscillation. 

[0009]Since the energy between that the electron hole mass of the valence band 37 is heavier than the 
electron hole mass of the split-off valence band 38, and the valence band 37 and the split-off valence 
band 38 is comparatively small in the material of an InP system, A laser beam is absorbed between 
valence bands and the valence-bands absorption transition 41 and 42 takes place. (Absorption between 
valence bands is described to Journal of Quantum Electronics, Vol.QE-19, No.6, and 1983 by C.H.Henry 
etc., for example.)It is a not desirable thing for this optical absorption to make it hard to happen in laser 
oscillation, and to worsen the temperature characteristics of an oscillation current threshold etc. 
[0010]Pouring to each quantum well structure of the electron hole by the current injection to a 
semiconductor laser device is uneven for every well, Having had an adverse effect not only on a direct 
current characteristic but on a high frequency characteristic is reported to (Applied Physics Letters 
Vol.62, No.1-1983) by N.Tessler etc. 

[0011]Then, an object of this invention is to provide the semiconductor laser device which enlarged the 

rate of the increase in a profit over change of unit carrier density. 

[0012] 

[Means for Solving the Problem][n order to solve this technical problem, a semiconductor laser device of 
this invention, A compressive strain is introduced into a well layer in a semiconductor laser element 
which has multiple quantum well structure in the first place, And intentional impurity addition is not given 
to a barrier layer, but an impurity of P type using a means to add intentionally, only to said well layer to 
the second. In a semiconductor laser device which it has, multiple quantum well structure bandgap 
energy of a barrier layer, Using a means to set up towards the cladding layer side which has a 
conductivity type of N type from the cladding layer side which has a conductivity type of P type become 
small gradually, to the third. In the aforementioned semiconductor laser device, thickness of a well layer 
which forms said quantum well structure, or a means to set up a crystal presentation is used so that 
energy difference between the first quantum level of an electron in each quantum well structure and the 
first quantum level of an electron hole may become equal. 
[0013] 

[Function]The first operation of this invention can aim at the increase in the optical gain in a well layer, 
without receiving generating of the unnecessary radiative recombination current in a barrier layer, and 
the optical loss by the absorber style between valence bands in a barrier layer by introducing a 
compressive strain into a well layer and adding a P type impurity. The absorption between valence bands 
by a well layer is controlled substantially because of the small electron hole mass by a distorted effect. 
For this reason, the rate of the increase in a profit over change of unit carrier density can be enlarged, 
and the characteristic of a semiconductor laser device can be improved. 

[0014]The second operation of this invention by setting up towards the cladding layer side which has a 
conductivity type of N type from the cladding layer side which has a conductivity type of P type for the 
bandgap energy of a barrier layer become small gradually, Pouring of the electron hole poured in 
electrically takes place from the clad of the conductivity type of P type to homogeneity more to each 
multiplex quantum well layer. For this reason, the rate of the increase in a profit over change of unit 
carrier density can be enlarged. 

[0015]In each quantum well structure which forms said multiple quantum well structure, so that the 
energy difference between the first electronic quantum level and the first quantum level of an electron 
hole may become equal, He is trying for profit wavelength to become equal in all the quantum well 
structures at the same time pouring of an electron hole takes place uniformly by setting up the 
thickness of the well layer which forms said quantum well structure, or a crystal presentation. 
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[0016]Thus, in this invention, since the rate of the increase in a profit over change of unit carrier density 
can be enlarged, the threshold current of a semiconductor laser device becomes small, and temperature 
characteristics are also improved. The response to high-frequency-modulation current is also improved. 
[0017] 

[Example](Example 1) The first example of this invention is hereafter described using a drawing. Drawing 
1 is a figure in which the oscillation wavelength in the first example shows the energy of the conducting 
zone and valence band of the semiconductor laser device near 1 .5 micrometer. 
[0018]The InP cladding layer in which 11 added the P type impurity (Zn) at a rate of 1x10 18 /cm 3 in 
drawing 1 , The multiple quantum well structure which 12 becomes from four pairs of well layers, and a 
barrier layer, the InP cladding layer in which 13 added the N type impurity (Se) at a rate of 2x10 18 /cm 3 , 
The well layer which consists of an In(x)Ga(1-x) As (x= 0.7) crystal presentation with a thickness of 30 A 
into which 14 introduced 1% of compressive strain which added the P type impurity (Zn) at a rate of 2x10 
18 /cm 3 , 15 is an acceptor according [ according to / according to / in an InGaAsP (lambdag = 1.28 
micrometers) barrier layer with a thickness of 100 A which does not add an impurity intentionally, and 
16 / conducting-zone energy / in 17 / valence-band energy / 18 ] to P type impurity addition. 
[0019]When it embedded in this example and the semiconductor laser device of the mold was produced, 
the current threshold has been improved from 15 mA of a conventional example to 8 mA, and 
temperature characteristics have also been improved. The maximum relaxation oscillation frequency also 
according [ the high frequency response characteristic ] to a small signal response has been improved 
from 1 0 GHz of a conventional example to 1 5 GHz. 

[0020]As mentioned above, the increase in the optical gain in a well layer can be aimed at, without 
receiving generating of the unnecessary radiative recombination current in a barrier layer, and the optical 
loss by the absorber style between valence bands in a barrier layer by introducing a compressive strain 
into a well layer and adding a P type impurity. The absorption between valence bands by a well layer is 
controlled substantially because of the small electron hole mass by a distorted effect. For this reason, 
the rate of the increase in a profit over change of unit carrier density can be enlarged, and the 
characteristic of a semiconductor laser device can be improved. 

[0021] Although this example described the well layer on the conditions of a specific crystal presentation, 
thickness, an impurity, etc., the barrier layer, and the cladding layer, it cannot be overemphasized that 
the same effect is acquired also on other suitable conditions. Although the case of 1.5 micrometers was 
explained as an oscillation wavelength of a semiconductor laser device, the same may be said of the 
wavelength range which is 1.0 - 1.6 micrometers. 

[0022]In this example, the inrush current and laser beam which omitted explanation shut up, about 
structure, restriction is not given at all and the embedded structure used conventionally can also be 
used. 

[0023](Example 2) The second example of this invention is hereafter described using a drawing. Drawing 
2_is a figure in which the oscillation wavelength in the second example shows the energy of the 
conducting zone and valence band of the semiconductor laser device near 1.5 micrometer. The InP 
cladding layer in which 21 added the P type impurity (Zn) at a rate of 1x10 18 /cm 3 in drawing 2 , The 
multiple quantum well structure which 22 becomes from four pairs of well layers, and a barrier layer, the 
InP cladding layer in which 23 added the N type impurity (Se) at a rate of 2x10 18 /cm 3 , 24 introduces a 
compressive strain and turns it to an N type InP cladding layer from a P type InP cladding layer — x= 
0.75 — the well layer clitteringly set to 0.7 from the In(x)Ga(1-x) As crystal presentation which 
decreases gradually. As for the InGaAsP (lambdag = 1.2 micrometers) barrier layer to which the bandgap 
energy with which 25 does not add an impurity intentionally decreases from a P type InP cladding layer 
gradually from 1 eV to 0.95 eV towards an N type InP cladding layer, and 26, conducting-zone energy 
and 27 are valence-band energies. 

[0024]When it embedded in this example and the semiconductor laser device of the mold was produced, 
the current threshold has been improved from 15 mA of a conventional example to 10 mA, and 
temperature characteristics have also been improved. The maximum relaxation oscillation frequency also 
according [ the high frequency response characteristic ] to a small signal response has been improved 
from 1 0 GHz of a conventional example to 1 7 GHz. 
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[0025]As mentioned above, by setting up towards the cladding layer side which has a conductivity type 
of N type from the cladding layer side which has a conductivity type of P type for the bandgap energy of 
a barrier layer become small gradually, Pouring of the electron hole poured in electrically takes place 
from the clad of the conductivity type of P type to homogeneity more to each multiplex quantum well 
layer. For this reason, the rate of the increase in a profit over change of unit carrier density can be 
enlarged. 

[0026](Example 3) In each quantum well structure which forms again the multiple quantum well structure 
shown in Example 2, so that the energy difference between the first electronic quantum level and the 
first quantum level of an electron hole may become equal, It is made for profit wavelength to become 
equal in all the quantum well structures at the same time pouring of an electron hole takes place 
uniformly by setting up the thickness of the well layer which forms said quantum well structure, or a 
crystal presentation. 

[0027]Thus, in this invention, since the rate of the increase in a profit over change of unit carrier density 
can be enlarged, the threshold current of a semiconductor laser device becomes small, and temperature 
characteristics are also improved. The response to high-frequency-modulation current is also improved. 
[0028]In the above example, although each example was shown about the composition of the claim of 
this invention, two or more inventions may be used simultaneously. 
[0029] 

[Effect of the lnvention]As explained above, according to this invention, in the range whose oscillation 
wavelength is 1-1.6 micrometers. In the semiconductor laser device which has the multiple quantum well 
structure of the kind used for the light source for optical communications etc. which make an optical 
fiber a transmission line, since the rate of the increase in a profit over change of unit carrier density can 
be enlarged, Besides direct current characteristics, such as threshold current and temperature 
characteristics, it is effective in improving the response characteristic over high-frequency-modulation 
current, and has an industrially big meaning in fields, such as optical communications. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he figure showing the energy of the conducting zone and valence band of a semiconductor 
laser device in the first example 

[Drawing 2] The figure showing the energy of the conducting zone and valence band of a semiconductor 
laser device in the second example 

[Drawing 3] The figure showing the energy of the conducting zone and valence band of a quantum well 

structure part in a semiconductor laser device in a conventional example 

[Description of Notations] 

11, a 21 P-type InP cladding layer 

12 and 22 Multiple quantum well structure 

13, a 23 N-type InP cladding layer 

14 The InGaAs well layer which added the P type impurity 

15 The InGaAsP barrier layer which does not add an impurity intentionally 

1 6 and 26 Conducting-zone energy 

17 and 27 Valence-band energy 

18 Acceptor 

24 InGaAs well layer 

25 The InGaAsP barrier layer from which a band gap changes gradually 

38 Radiative recombination of a well layer 

39 Radiative recombination of a barrier layer 

40 Valence-bands absorption transition by a well layer 

41 Valence-bands absorption transition by a barrier layer 
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